Abstract-The authors measured the average diameter of bilateral superior ophthalmic veins (SOV) in 13 patients with spontaneous intracranial hypotension (SIH) on contrast-enhanced, coronal, T1-weighted MRI. Compared with sex-and age-matched neurology inpatients with normal CSF pressure, the SIH group had a smaller SOV diameter (0.90 vs 1.85 mm, p Ͻ 0.001), which partly reversed after treatment (1.09 vs 0.90 mm, p ϭ 0.045, n ϭ 7). Collapsed SOV might provide an additional MRI finding for SIH. NEUROLOGY 2003;61:1265-1267 Spontaneous intracranial hypotension (SIH) is characterized by an acute onset of postural headache elicited by an upright position. Spontaneous leakage through an occult dural tear is regarded as the principal cause.
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The superior ophthalmic vein (SOV) courses beneath the superior rectus muscle, exits the orbit through the superior orbital fissure, and drains into the cavernous sinus. 2 Unlike the dural venous sinuses, the cavernous sinus is not formed by splits in the dura and is easily compressible. 3 Thus, the valveless SOV seems easily influenced by the hydrodynamic changes in the intracranial CSF. 3 In a recent study using MRI of the brain, we demonstrated a positive correlation between the diameter of the SOV and the intracranial pressure (ICP). 4 The current study was aimed at extending our preliminary findings by comparing the diameters of the SOV in patients with SIH with the diameters in subjects with normal ICP.
Methods.
We recruited consecutive patients with SIH admitted to our neurology ward between 2000 and 2002. These patients had postural headache compatible with International Headache Society criteria for headache after lumbar puncture 5 and also MRI evidence of SIH, including diffuse pachymeningeal enhancement and/or descent of the brain. Patients with an intraorbital lesion, Graves disease, a carotid-cavernous fistula, or a cavernous sinus lesion were excluded. A group of sex-and age-matched neurology inpatients admitted during the same period was selected from the database as control subjects. The control subjects had to have undergone both brain MRI and diagnostic lumbar puncture, which revealed a normal CSF pressure ranging from 90 to 200 mm H 2 O. Moreover, the MRI had to have been performed before the lumbar puncture, and the two studies had to have occurred within an interval of 2 days. 4 For both groups the demographic data and ICP value, if available (lumbar puncture was not performed in all patients), were collected from the medical charts. For each study subject, coronal 5-mm-thick sections with 2.5-mm intersection gaps were obtained by using 1.5-T MR units (Signa CV/i, GE Medial Systems, Milwaukee, WI; Magnetom Vision, Siemens, Erlangen, Germany). The matrix was 256 ϫ 256, corresponding to a field of view of 24 cm. We measured the diameter of the SOV on contrast-enhanced (Magnevist, Schering, Berlin, Germany), coronal, T1-weighted images (repetition time/echo time/number of excitations, 450/30/2) obtained with a fatsaturation pulse sequence. The images closest to the most posterior margin of the globes were selected (figure 1). All measurements were performed on a workstation, and the patient imaging data were input through optical disks or an intranet connection. The diameter of the SOV was reassessed in patients with SIH if they had undergone follow-up MRI of the brain after their discharge from the hospital.
SOV diameters (measured in millimeters) were treated as continuous variables. In each subject, the diameters of the bilateral SOV were averaged because the data are similar and highly correlated. 4 We compared the demographic data and SOV diameters in the patient and control groups by using the Student t-test. Additionally, we focused on changes in the SOV diameter in patients who received IV hydration as part of their treatment for SIH and who had undergone subsequent follow-up brain MRI; for this comparison, we used the paired t-test. Two-tailed p values Ͻ 0.05 were considered to indicate a statistically significant difference.
Results. A total of 13 patients with SIH (5 men, 8 women; mean age, 36.1 Ϯ 7.4 years) and 13 sex-and agematched control subjects were enrolled. Both groups had a comparable mean body height, body weight, and body mass index. Four patients with SIH had undergone a spinal tap, and all had an ICP of 60 mm H 2 O or less (range, 0 to 60 mm H 2 O; mean, 35.0 Ϯ 25.2 mm H 2 O). In the control group, six subjects had acute headache, and one each had the following: chronic migraine, chronic tension-type headache, thunderclap headache, cluster headache, multiple sclerosis, abducens nerve palsy, and meningitis. The control group had an average ICP of 126.3 Ϯ 32.7 mm H 2 O (range, 95 to 180).
The SIH group had a mean SOV diameter smaller than that of the control group (0.90 Ϯ 0.33 vs 1.85 Ϯ 0.43 mm; p Ͻ 0.001). The distributions of the diameters between the two groups slightly overlapped, as illustrated in figure 2 (range, 0.50 to 1.75 mm for the SIH group vs 1.30 to 3.00 mm for the control group). During admission, all patients with SIH were treated with strict bed rest and IV hydration; they all had resolution of the head pain before discharge home. After a mean interval of 117 Ϯ 91 days (range, 20 to 263), seven patients were reassessed with brain MRI at follow-up. Their average SOV diameters were slightly but significantly enlarged (1.09 Ϯ 0.21 vs 0.83 Ϯ 0.23 mm; p ϭ 0.045, paired t-test) (figure 3), and their images showed resolved or diminished dural enhancement. However, these follow-up SOV diameters remained smaller than those of the control group at baseline (1.09 Ϯ 0.21 vs 1.85 Ϯ 0.43 mm; p Ͻ 0.001).
Discussion. This study indicates that patients with SIH had a smaller average SOV diameter in comparison with neurology inpatients with normal ICP. This diameter change might partly reverse after treatment for SIH. These findings add evidence to the positive correlation between the diameter of the SOV and the ICP. 4 Further, collapsed SOV might provide an additional MRI finding for SIH.
The exact mechanism for SOV collapse found in patients with SIH remains uncertain. The reciprocal changes in the diameter of the SOV with different ICP reflect the role of SOV in the autoregulation of ICP. The SOV serves as an anastomosis between the extracranial and intracranial venous circulations. The amount of venous blood it carries might be directly influenced by the transcranial venous-pressure gradient. When the ICP is low, the increased pressure gradient in the SOV facilitates venous return from the SOV and, hence, an increased flow velocity in SOV, as demonstrated with color Doppler imaging. 6 This increased flow velocity further decreases the transmural pressure, as demonstrated with the BernoulliPoiseuille equation. 7 The SOV thus collapses. However, not all patients with SIH have a low ICP, 8 and there is increasing agreement that CSFvolume depletion is the key mechanism for the headache in SIH. 1 The relationship between intracranial CSF hypovolemia and SOV collapse is best explained by the Monro-Kellie doctrine. 9 Based on this hypothesis, an increase in the volume of intracranial venous blood must compensate for the loss in CSF volume in patients with SIH. Therefore, the resulting volume shift into the skull leads to SOV collapse and intracranial venous dilatation, which accounts for the diffuse pachymeningeal enhancement as the principal MRI finding in SIH. Taken together, SOV collapse is probably an epiphenomenon in patients with SIH.
In the SIH and control groups, the scatter plots of SOV diameters overlap slightly. Our previous find- ings also indicate that the ICP value accounts for 35% variance of the SOV diameter. 4 The SOV thus seems to change its diameter under the effect of a complex interaction model involving at least ICP and intracranial CSF volume.
Our findings are limited in their generalization to comparisons in patients with SIH and healthy adults. The use of a normal opening pressure as the surrogate for normal ICP in the control subjects also has limitations. However, intraventricular catheter was not our routine practice for measuring ICP. Although a recent study of orbital dissections showed that the diameters of SOV varied considerably, 2 the average SOV diameters in our controls (1.85 mm) based on brain MRI were quite consistent with those (1.9 mm; range, 1.0 to 2.9) on a high-resolution orbital MRI study. 10 
